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A PROCEDURE FOR GENERATING DIFFERENTIAL ‘‘SAMPLE’’ RESPONDING
WITHOUT DIFFERENT EXTEROCEPTIVE STIMULI
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Sidman (1994, 2000) suggested that responses as well as stimuli can join equivalence classes, a hy-
pothesis difficult to test because differential responding typically requires different stimuli. The pres-
ent experiments describe a procedure with pigeons that avoids this potential confounding effect. In
Experiment 1, spacing two responses 3 s apart (a differential-reinforcement-of-low-rate [DRL] sched-
ule) to a white stimulus on some trials produced food or the comparison stimuli in a matching task,
whereas pecking 10 or more times with no temporal restrictions (a fixed-ratio [FR] schedule) pro-
duced the same effect on other trials. Completing the alternative (unscheduled) requirement ter-
minated the white stimulus and repeated the trial. Following such errors, pigeons learned to switch
to the alternative response pattern on the repeat trials. In addition, the correct response pattern
functioned as a conditional cue for comparison choice. In Experiment 2, mixed DRL-FR training
was preceded by two-sample/two-alternative matching-to-sample with DRL and FR sample-response
requirements. In a subsequent transfer test in which the correct response pattern to white served as
the sample, pigeons preferentially chose the comparison previously reinforced following that pattern
in the baseline task. This ‘‘unsignaled response’’ procedure may be useful for assessing whether
differential responses can be members of acquired equivalence classes.

Key words: stimulus equivalence, unsignaled response, fixed-ratio, differential-reinforcement-of-low-
rate, key peck, pigeons

When subjects are trained on conditional
discriminations such as symbolic matching-to-
sample (MTS), the samples and comparisons
often become members of classes of equiva-
lent stimuli. The existence of these classes is
inferred from new or emergent behavior that
follows such training (Sidman & Tailby,
1982). Specifically, subjects are frequently
able to match the training stimuli to each oth-
er in novel ways, such as matching each stim-
ulus to itself (reflexivity), matching stimulus
B to stimulus A after training on the reverse
relations (symmetry), and matching stimulus
A to stimulus C after training to match A to
B and B to C (transitivity).

Researchers have offered different ac-
counts of the origin of these effects. Some
have proposed that the mechanism underly-
ing the emergent behavior indicative of
equivalence is language based (Hayes, 1991;
Horne & Lowe, 1996). Others (e.g., Mc-
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Ilvane, Serna, Dube, & Stromer, 2000; Sid-
man 1994, 2000) suggest that stimulus equiv-
alence is a basic stimulus function, not arising
or derivable from other processes (e.g., nam-
ing or other mediational processes). In other
words, they believe that reflexivity, symmetry,
and transitivity are a direct consequence of
the reinforcement contingencies comprising
the training relations.

Although opinions vary about the origins
of stimulus equivalence, relatively few data fa-
vor one position over another (Sidman,
2000). Sidman (1994, 2000), however, pro-
posed a number of experimental tests that
have the potential to falsify his own particular
view. Many of these experiments have yet to
be conducted, and some present difficult pro-
cedural and conceptual challenges. Two
claims, in particular, distinguish the funda-
mental-stimulus-property view from those in-
voking language processes. One is that equiv-
alence classes can include the reinforcers
used in training as members providing that
they differ across the relations comprising the
baseline task; that is, that differential-out-
come training is used (cf. Dube & McIlvane,
1995; McIlvane, Dube, Kledaras, de Rose, &
Stoddard, 1992). The second is that respons-
es to the baseline stimuli can also join these
classes if they, too, differ for different com-
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Fig. 1. Design proposed by Sidman (1994) to test the
hypothesis that a subject’s responses to stimuli can join
an equivalence class with those stimuli.

ponent relations. The experiments reported
here are relevant to this latter claim.

Our experiments, however, do not provide
a direct test of Sidman’s hypothesis regarding
responses and equivalence classes. Rather,
they set the stage for the development of such
tests by demonstrating the efficacy of certain
procedures for isolating differential respons-
es from their occasioning stimuli.

One procedure suggested by Sidman
(1994, chap. 10) for determining if responses
can become members of equivalent classes in-
volves training two symbolic matching tasks
with different samples and comparisons and
with a common set of different required re-
sponses to the correct comparisons. These
details are shown under Matching Task 1 and
Matching Task 2 in Figure 1. The An, Bn, and
Cn represent the sample and comparison
stimuli; R1 and R2 represent the different
responses required to each correct compari-
son; SR is the reinforcer; and R3 is a common
but distinctive response required to all sam-
ples.

The sample-comparison relations compris-
ing the two training tasks typically result, at
least with humans, in two classes of equivalent
stimuli: A1, B1, and C1; and A2, B2, and C2
(Adams, Fields, & Verhave, 1993; Sidman,
1971; Sidman, Cresson, & Willson-Morris,
1974). Sidman has hypothesized that the dif-
ferential responses, R1 and R2, may also be-
come class members, as indicated by the ital-
ics. The common response to all samples
(R3) and the common reinforcer (SR) cannot
join the classes because doing so would cause
them to merge, thus undermining the very
baseline discriminations necessary for class
formation.

Sidman (1994) indicated that the best way
to test for class inclusion of R1 and R2 is to
present them separately as samples with the
A stimuli as comparison choices. The predic-
tion is that the subjects should reliably choose
A1 after making R1 and A2 after making R2.
The main difficulty confronting the imple-
mentation of this test, however, is reliably
generating R1 and R2 as samples in the ab-
sence of different occasioning stimuli. Sepa-
rately training R1 and R2 to other stimuli off
the matching baseline, and then using those
stimuli to generate the two responses in test-
ing is one possible solution. Unfortunately, if
three-term contingencies are sufficient to

produce classes of equivalent stimuli (cf. Sid-
man, 1994, 2000), then any positive test re-
sults could also be explained by membership
of the off-baseline stimuli in the two classes.

Thus, the challenge is to find a way to gen-
erate R1 and R2 to a common exteroceptive
stimulus. The present experiments describe a
procedure that meets that challenge and,
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thus, holds promise for eventual tests to con-
firm, or disconfirm, the prediction that re-
sponses as well as stimuli may join equiva-
lence classes.

EXPERIMENT 1
Experiment 1 was designed to determine

whether pigeons could learn to respond dif-
ferentially to a single (white) stimulus. In or-
der to obtain reinforcers, pigeons sometimes
had to space two successive responses at least
3 s apart to white and, on other trials, to com-
plete 10 pecks without any temporal restric-
tions. As soon as the pigeon completed the
scheduled response requirement on a given
trial, food was delivered. However, if the pi-
geon completed the unscheduled require-
ment (e.g., by spacing two pecks 3 s or more
apart prior to making 10 pecks), food was not
delivered upon termination of the white stim-
ulus, and the trial was repeated after a short
timeout period. Would pigeons eventually
learn to switch immediately to the other re-
sponse pattern on the first trial repeat after
making such ‘‘errors?’’ And, if so, would com-
pletion of the ‘‘correct’’ response pattern ef-
fectively cue choice between comparison al-
ternatives in a two-choice matching task?

METHOD

Subjects
The subjects were four experimentally ex-

perienced White Carneau retired breeders
obtained from the Palmetto Pigeon Plant
(Sumter, SC). All had previously participated
in two other experiments in which they re-
ceived matching-to-sample training with stim-
uli different from those used in this experi-
ment. They also had been previously trained
to respond on a differential-reinforcement-of-
low-rates (DRL) 3-s schedule and a fixed-ratio
20 (FR 20) schedule to different samples.
Each was maintained at 80% of its free-feed-
ing weight and obtained its daily food allot-
ment during each experimental session. Pi-
geons were fed in their home cages only if
they did not earn enough food to maintain
their 80% weights and on the one day per
week in which experimental sessions were not
conducted. They were housed in stainless
steel wire-mesh cages in a room with a 14:10
light-dark cycle. Water and health grit were
freely available in the home cages.

Apparatus

The experiment was conducted in a BRS/
LVE Model SEC-002 conditioning chamber
equipped with a 3-key response panel (Model
PIP-016). The pigeon’s compartment in the
chamber measured 30.5 3 36.8 3 34.3 cm
and was equipped with an aluminum grid
floor. Three horizontally aligned, circular re-
sponse keys, 2.5 cm in diameter and 8.3 cm
apart center-to-center, were centered on the
response panel 25.4 cm from the grid floor.
An inline projector mounted behind each
key could present the following stimuli: a
white homogeneous field, a solid white tri-
angle on a black background, and a row of
three solid white dots slanted at a 458 angle
on a black background (BRS/LVE Pattern
692). A food magazine containing Purina Pi-
geon ProGrains was accessible through a 5.8
3 5.8 cm opening located 9 cm below the
center key. Chamber illumination was provid-
ed by a GE # 1829 houselight located at the
top center of the panel. A blower fan mount-
ed on the outside of the chamber provided
ventilation and masking noise. A Gateway
2000 386SX/25 computer collected data and
controlled experimental events.

Procedure

Phase 1 (mixed-schedule) training. In Phase 1
training, the white homogenous field ap-
peared on the center key at the beginning of
a trial and remained lit until the pigeon com-
pleted one of two response requirements. On
a random half of trials, the scheduled re-
quirement was 10 pecks to white (i.e., a FR
10 schedule). On the remaining trials, the re-
quirement was spacing two responses at least
3 s apart (i.e., a DRL 3-s schedule). Upon
completion of the scheduled requirement,
the white stimulus turned off and the food
hopper was raised. After a 10-s intertrial in-
terval (ITI), the pigeon advanced to the next
trial. If, however, the pigeon completed the
other, unscheduled requirement (e.g., by
spacing two pecks 3 s or more apart when the
FR 10 was in effect), the white stimulus
turned off and a dark timeout period equal
to the reinforcer duration began. Following
the ensuing 10-s ITI, the trial was repeated
(i.e., a correction procedure was in effect un-
til the pigeon completed the scheduled re-
sponse requirement). Following reinforce-
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ment or timeout, a 10-s ITI began. Reinforcer
duration varied between 2 and 6 s across sub-
jects and sessions in order to maintain 80%
weights. Each ITI consisted of an initially
dark period lasting 9 s (house light turned
off) and a final, lit 1-s period with the house
light turned on. The house light then re-
mained on throughout the subsequent trial.

Each Phase 1 session consisted of 96 trials,
of which 48 had the FR schedule in effect for
pecking white. The remaining 48 trails had
the DRL schedule in effect. The FR require-
ment was increased to 20 pecks after 20 train-
ing sessions for UN1, UN2, and UN3 and
after 26 sessions for UN4. The DRL require-
ment remained constant at 3 s throughout
training. On this mixed DRL-FR schedule, a
pigeon’s hit rate—the percentage of trials in
which it initially completed the scheduled re-
sponse requirement—was expected to be
50% throughout training. The main depen-
dent measure of interest, then, was switch rate :
The percentage of time following completion
of the unscheduled requirement that pigeons
met the scheduled requirement on the first
repeat of a trial. If pigeons adopted a lose-shift
strategy as training progressed, switch rates
should increase systematically. Pigeons re-
mained in Phase 1 training until their switch
rates reached a criterion level of 85% or bet-
ter for five of six successive sessions, or 80
training sessions, whichever occurred first.

Phase 2 (matching-to-sample) training. Next,
the pigeons received matching-to-sample
training in which the response patterns that
completed the scheduled requirements to
the white stimulus served as the samples, and
the triangle and dot stimuli served as com-
parisons. At the beginning of each matching
trial, the center key was illuminated white and
remained on until the pigeon either spaced
two successive responses 3 s or more apart
(DRL 3-s) or made 20 consecutive pecks (FR
20), whichever occurred first. On a random
one-half of the trials, completing the FR re-
sponse requirement produced the two com-
parisons on the side keys; whereas on the re-
maining trials, completing the DRL response
requirement produced the comparisons. The
two comparisons appeared equally often on
the left and right side keys following each
sample. When pigeons completed the un-
scheduled response requirement, the white
center-key stimulus turned off and, instead of

the comparisons, a dark timeout period equal
to the reinforcer duration ensued. This was
followed by a 10-s ITI, after which the white
stimulus again appeared on the center key
and the trial was repeated. This cycle was re-
peated until the pigeon completed the sched-
uled requirement to white.

Upon completion of the scheduled re-
quirement, the two comparisons appeared as
the white center-key stimulus was turned off
(i.e., the matching procedure was zero de-
lay). A single peck to either comparison then
turned both off and resulted in reinforce-
ment or timeout depending upon which was
pecked. For 2 pigeons, pecking the triangle
comparison after completing the DRL 3-s re-
quirement and pecking the dot comparison
after completing the FR 20 requirement were
reinforced. Pecking the alternative compari-
son on each trial type was ‘‘incorrect’’ and
produced the timeout. For the remaining two
subjects, the opposite sample-comparison
contingencies were in effect.

Each matching session consisted of 96 fully
completed trials (i.e., trials on which the com-
parisons appeared). As before, the reinforcer
duration varied between 2 and 6 s across ses-
sions and subjects to maintain 80% weights.
Pigeons were trained on this matching task
until their choice accuracies reached a level
of 90% correct or better for five of six suc-
cessive sessions. Sessions were conducted six
days per week.

RESULTS

Phase 1 (Mixed Schedule) Performances

The behavior of most interest during this
phase was how the pigeons responded on re-
peat trials after initially completing the un-
scheduled (incorrect) response requirement
to the white stimulus. Figure 2 shows each
subject’s switch rate (the percentage of first-
repeat trials that it completed the scheduled
requirement after failing to do so initially);
and its hit rate (the percentage of times that
the scheduled response requirement was ini-
tially met). Given the mixed schedule contin-
gencies, hit rates should remain close to
chance throughout training. By contrast, if pi-
geons discriminated the prevailing response
requirement on a given trial after failing to
meet it initially, switch rates should increase
with training.
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Fig. 2. Percentage of times each pigeon in Experiment 1 initially met the scheduled response requirement to
white (hit rate) and the percentage of times they met that requirement on the first repeat of a trial (switch rate)
during mixed-schedule (Phase 1) training. Vertical lines labeled FR 20 indicate when the FR requirement was in-
creased from 10 to 20 pecks.

As expected, hit rates remained close to
chance throughout training for all four pi-
geons. With FR 10 as one component of the
mixed schedule, switch rates increased only
slightly with training (shown in the left sec-
tion of each panel), but the effect, when pres-
ent, was short-lived. When the FR require-
ment was increased to 20 pecks, switch rates
for pigeons UN1, UN2, and UN4 improved
rapidly and remained stable with extended
training. The percentage of times that these
pigeons met the scheduled response require-
ment on the first repeat trial consistently ex-
ceeded 80%, and exceeded 90% on many ses-
sions. Switch rates for the remaining pigeon
(UN3) also increased with the larger FR re-
quirement, but its performance on the repeat
trials was highly variable throughout training.
Its rates eventually dropped to low levels (,
70%) around Session 60 and did not recover.

Pigeon UN3 was dropped from the experi-
ment after Session 80.

Unfortunately, due to a programming over-
sight, trial-by-trial interresponse time (IRT)
data were not recorded for this experiment
(or for Experiment 2) so we do not have a
complete picture of response patterns on ini-
tial or repeat trials. Nonetheless, we know for
certain that with continued training the prob-
ability of the pigeons emitting a long (3 s or
greater) IRT prior to making 20 pecks in-
creased substantially on first-repeat DRL tri-
als, and the probability of the pigeons emit-
ting a long IRT decreased on first-repeat FR
trials.

Phase 2 (Matching) Performances

Of most interest during this phase was
whether pigeons learned to select one com-
parison stimulus when the completion of one
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Fig. 3. Percentage of correct comparison choices fol-
lowing successful completion of the mixed-schedule re-
sponse requirement during Phase 2 in Experiment 1.
Also shown are percentage of times each pigeon initially
met that requirement (hit rate) and the percentage of
times they met the requirement on the first repeat of a
trial (switch rate).

schedule requirement to white produced the
two choice alternatives, and the other com-
parison when completion of the other sched-
uled requirement produced the alternatives.
Figure 3 shows performances by each subject
that was advanced to matching-to-sample
training. In the figure, Choice refers to the av-
erage percentage of correct comparison
choices in each session. Hit rate and Switch rate
refer to the same measures of responding to
the white center-key stimulus previously de-
scribed.

As before, hit rates hovered around chance
throughout training. Likewise, all three pi-
geons continued to switch immediately to the
other response pattern after completing the
unscheduled response requirement to white.
The percentage of time that each subject met
the scheduled response requirement to white
on repeat trials remained above 80%. Finally,
all three subjects learned to select the trian-
gle versus dot comparisons following success-
ful completion of the DRL and FR sample-
response requirements. Matching acquisition
was rapid for Pigeons UN2 and UN4, which

reached better than 80% accuracy by the
fourth session. Pigeon UN1 also learned to
select one comparison over the other de-
pending upon which schedule requirement
produced the two alternatives, but its perfor-
mance subsequently collapsed to chance lev-
els for two sessions despite no concomitant
decrease in switch rates. It subsequently re-
covered its previously accurate matching per-
formances, stabilizing at accuracy levels of
about 90% correct.

DISCUSSION

This experiment showed that it is possible
to generate differential sample responding in
the absence of different exteroceptive stimu-
li, and that such responding can serve as a
conditional cue for subsequent comparison
choice. In typical differential sample-re-
sponse paradigms (e.g., Cohen, Looney, Bra-
dy, & Aucella, 1976; Urcuioli & Honig, 1980),
different visual stimuli serve as the nominal
sample stimuli. In such tasks, it is a relatively
straightforward matter to condition different
sample-response patterns to those stimuli. In
the presence of one distinctive sample, the
comparisons appear only upon completion of
one response requirement (e.g., DRL);
whereas in the presence of the other distinc-
tive sample, the comparisons appear only
upon completion of a different requirement
(e.g., FR). Urcuioli and Honig also demon-
strated that the different sample-response
patterns exert strong control over compari-
son choice, even to the point of overshad-
owing the samples that occasion them (Ur-
cuioli, 1984, 1985).

Here we were also able to generate differ-
ential responding on a mixed schedule that
included a correction procedure. In particu-
lar, when pigeons initially failed to complete
the response requirement actually scheduled
on a trial, that trial repeated until the pigeon
did complete the requirement. Good control
by these contingencies developed in three of
four pigeons. Specifically, with training, these
pigeons switched to the alternative response
pattern on the first repeat trial after their initial
response pattern to white was nonreinforced.

The pigeons did not learn to switch to the
alternative response pattern when the FR 10
contingency was in effect but did when the
requirement was increased to 20 pecks. Lon-
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ger pausing following a nonreinforced FR 20,
if it occurred, cannot explain this result be-
cause the DRL contingency in force required
a minimum of two responses (the first to start
the DRL timer). Alternatively, when the FR
requirement was increased, repeating the
same nonreinforced FR may have become
more aversive because pigeons had to work
longer to complete this requirement just to
advance.

Furthermore, the cue ostensibly arising
from the pigeons’ successful differential be-
havior was sufficient to support accurate
matching performances. We say ostensibly be-
cause it is possible that pigeons based their
choices on some other cue; for example, how
many times white appeared on the center key
prior to the appearance of the comparison
alternatives. For instance, if pigeons always
completed the FR requirement on the initial
presentation of white, they could then use the
immediate appearance of the comparisons
following the offset of white as a cue for peck-
ing one particular comparison. If the com-
parisons did not appear at the offset of the
initial white presentation (i.e., if the DRL re-
quirement happened to be in effect), the sec-
ond presentation of white could then serve
as a cue for pecking the other comparison
when the choice alternatives appeared upon
completion of the DRL contingency. The sec-
ond experiment was conducted to test wheth-
er number of white presentations on a trial
could have been the sole cue governing
choice.

EXPERIMENT 2

Experiment 2 sought to replicate the re-
sults of Experiment 1 with different subjects
and, more importantly, to assess whether the
differential behavior occurring to the mixed-
schedule stimulus would effectively substitute
for independently trained DRL versus FR
sample-specific behavior in the control over
matching choices. Pigeons were initially
trained on hue-line symbolic matching with
differential (DRL vs. FR) sample-response re-
quirements. Afterwards, they received off-
baseline, mixed-schedule training involving
those same response requirements. Finally,
they were given a transfer-of-control test in
which the differential response patterns oc-
curring to white served as the sample stimuli

for the same comparison choices as in the
symbolic matching task. Would the differen-
tial response patterns producing the compar-
ison alternatives on each white-stimulus test
trial occasion the same comparison choice
that had been reinforced following the DRL
and FR sample-specific behavior in the base-
line matching task?

METHOD

Subjects
Six experimentally experienced White Car-

neau pigeons served as subjects. Their previ-
ous experience involved matching blue, yel-
low, red, and green samples to red and green
comparisons and simple discrimination train-
ing between vertical and horizontal lines with
different probabilities of food reinforcement.
Four pigeons had previous experience with a
FR 20 schedule and two with a FR 10 sched-
ule. No pigeon had a prior history of re-
sponding on a DRL schedule. The housing
and daily care procedures were the same as
in Experiment 1.

Apparatus
The apparatus was identical to the one

used in Experiment 1 except that the inline
projectors were modified to present the fol-
lowing stimuli: red, green, and white homo-
geneous fields, a set of three white horizontal
lines on a black background, and a set of
three white vertical lines on a black back-
ground (BRS/LVE Pattern No. 692).

Procedure
Phase 1 symbolic matching. In Phase 1, the

pigeons learned to match red and green sam-
ple stimuli to vertical and horizontal compar-
ison stimuli. Each matching trial began with
either red or green appearing on the center
key. For half of the subjects, pecking 20 times
to red (FR 20) versus spacing two successive
key pecks at least 3 s apart to green (DRL 3
s) turned off the sample and immediately
produced the two comparison alternatives on
the adjacent side keys. These sample re-
sponse requirements were reversed for the re-
maining pigeons. A single peck to either com-
parison stimulus then turned both off and
produced either food reinforcement or an
equivalent timeout period depending on
which comparison was pecked. For half of the
pigeons, vertical choices on red-sample trials
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and horizontal choices on green-sample trials
were reinforced, whereas the opposite choic-
es produced the timeout. These contingen-
cies were reversed for the remaining pigeons.

The four possible trial types (2 samples 3
2 left-right configurations of the compari-
sons) appeared equally often and in pseudo-
random order in each 100-trial training ses-
sion. Matching trials were separated by a 10-s
ITI, the first 9 s of which were spent in dark-
ness. The house light was turned on for the
final second of the ITI and remained on
throughout the next trial until the end of re-
inforcement or the onset of timeout. Each pi-
geon received symbolic matching training for
a minimum of 10 sessions and until it
achieved an accuracy criterion of 90% correct
or better for five of six consecutive sessions.
Sessions were conducted six days per week.

Phase 2 mixed-schedule training. In Phase 2,
pigeons were trained to respond to a white
center-key stimulus on a mixed DRL 3-s FR
20 schedule in a manner identical to that de-
scribed in Experiment 1. The white stimulus
remained lit on each trial until the pigeons
completed one or the other schedule require-
ment. If the completed requirement was the
one scheduled for that trial, reinforcement
was delivered coincident with the offset of
white. If it did not match the scheduled re-
quirement, the white stimulus was turned off,
the 10-s ITI was initiated, and the trial was
repeated. This correction procedure was in
effect until the pigeon completed the sched-
uled requirement for that trial.

Each pigeon was trained on this task until
its switch rate, the percentage of times it com-
pleted the scheduled response requirement
on the first repeat of a trial, was 87.5% or
better for five of six consecutive sessions. Be-
cause Pigeon UN5 failed to show much evi-
dence of learning, its FR requirement was in-
creased to 30 pecks after 39 sessions. Upon
reaching criterion levels of performance on
the mixed-schedule task, three pigeons
(UN6, UN7, and UN10) received refresher
sessions on Phase 1 symbolic matching until
accuracies of 90% correct or better were re-
established for one session. Three other pi-
geons (UN5, UN8, and UN9) did not receive
refresher sessions due to experimenter error.

Testing. In the final experimental phase,
each pigeon was tested on matching-to-sam-
ple with the familiar vertical and horizontal

comparisons but with the completed sched-
uled response requirements (DRL and FR) to
white as the samples. As before, the white
center-key stimulus remained lit on each trial
until the pigeon completed either of the two
requirements. If the unscheduled require-
ment was completed, the white stimulus sim-
ply turned off and the trial was repeated fol-
lowing a 10-s ITI. Completing the scheduled
response requirement now produced the ver-
tical and horizontal comparisons on the side
keys. A single peck to either comparison then
turned both off and produced either rein-
forcement or an equivalent timeout period
with the house light off depending on which
comparison was chosen.

For half the pigeons, comparison choices
that were consistent with the baseline (sample
behavior-choice) contingencies were rein-
forced. For example, if a vertical comparison
choice had been reinforced on trials with the
FR requirement in Phase 1 symbolic match-
ing, and a horizontal choice had been rein-
forced on trials with the DRL requirement,
then these same contingencies were in effect
during testing, although now pigeons com-
pleted those response requirements to the
same (white) stimulus. For the remaining pi-
geons, reinforced choices in testing were in-
consistent with the Phase 1 contingencies. So,
for example, if vertical and horizontal choices
had been previously reinforced on baseline
matching trials with the FR and DRL require-
ments, respectively, the horizontal choice was
now reinforced after completing the FR re-
quirement to white and the vertical choice
was reinforced after completing the DRL re-
quirement. All other procedural details were
identical to those described for Phase 1. Each
pigeon remained in testing until its choice
accuracy was 90% or better for five of six con-
secutive sessions.

The rationale for the consistent-inconsis-
tent test manipulation was as follows. If the
pigeons’ sample-specific behavior had not ac-
quired control over choice during Phase 1
symbolic matching, and if their behavior to
white on trials in which they met the sched-
uled requirement did not provide a function-
al cue, then choice accuracy in both of these
test conditions should be similarly low. Spe-
cifically, accuracy should begin at chance lev-
els in both conditions and, with repeated test-
ing, should rise with equal rapidity. If,
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Fig. 4. Acquisition of symbolic matching (choice) with differential sample-response requirements for each pigeon
in Experiment 2. Also shown are the percentages of all sample-interresponse times (IRTs) $ 1,500 ms for hue sample
with the FR requirement and the hue sample with the DRL requirement.

however, the pigeons’ sample-specific behav-
ior had acquired control over comparison
choice in the baseline task, and if their be-
havior on the successfully completed trials
with white was similar to DRL versus FR re-
sponse patterns, then pigeons in the consis-
tent test condition should initially match at
levels above chance, whereas pigeons in the
inconsistent test condition should initially
match at levels below chance. In addition, cri-
terion levels of matching accuracy should be

reached sooner for pigeons tested in the con-
sistent than in the inconsistent condition.

RESULTS

Figure 4 depicts choice accuracies for in-
dividual subjects over all symbolic matching
(Phase 1) sessions. It also provides the per-
centages of all interresponse times (IRTs)
$1,500 ms which is a measure of how the pi-
geons pecked the two hue samples. The latter
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Fig. 5. Percentages of hit and switch rates during mixed-schedule training for each pigeon in Experiment 2. The
vertical line labeled FR 30 indicates when the FR requirement was increased from 20 to 30 pecks.

measure should be relatively high for the
sample associated with the DRL 3-s schedule
and relatively low for the sample associated
with the FR 20 schedule (cf. Urcuioli & Hon-
ig, 1980).

Accuracy reached criterion levels in the
Phase 1 symbolic matching task after an av-
erage of 9.7 sessions (range, 6 to 12 sessions).
Four of the 6 pigeons (UN5, UN7, UN8, and
UN9) responded differentially to the hue
samples from outset of training, exhibiting a
substantially greater proportion of long IRTs
to the sample with DRL response require-

ment than to the sample with the FR require-
ment. The other 2 pigeons (UN6 and UN10)
developed a similar pattern within two or
three sessions.

Mixed-schedule (Phase 2) performances
are shown in Figure 5. Hit rates, the percent-
age of times that each pigeon met the sched-
uled response requirement to white on its ini-
tial presentation, clustered around 50%
throughout training, as expected. More im-
portantly, switch rates—the percentage of
times that the scheduled requirement was
met on the first repeat trial—increased steadi-
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ly, albeit sometimes slowly, over successive
training sessions. Subjects varied in the rapid-
ity with which they achieved accurate switch
rates (range, 27 to 85 sessions). Nonetheless,
all pigeons learned to switch consistently (.
87.5%) to the other response pattern on tri-
als that immediately followed a nonreinfor-
ced pattern. By the end of Phase 2, switch
rates were high and stable for all subjects.

For the 3 pigeons given a refresher session
on their Phase 1 symbolic matching task prior
to testing, average choice accuracy was 96%
(range: 94–100). Their sample-response dis-
criminations were also intact: The average
percentages of IRTs $ 1500 ms were 80.3%
on DRL-sample trials versus 1.7% on FR-sam-
ple trials.

Figure 6 shows each pigeon’s matching-to-
sample accuracy over the first 10 transfer test
sessions along with the hit and switch rates to
the white center-key stimulus. The left panels
show the data from the 3 pigeons in the con-
sistent test condition; the right panels show
the corresponding data from the 3 in the in-
consistent test condition.

As indicated by the first solid circle in each
panel of Figure 6, all 3 pigeons in the consis-
tent condition matched at levels above
chance (range, 65% to 87%), whereas all
three pigeons in the inconsistent condition
matched at levels below chance (range, 29%
to 47%) on the first transfer test session. Al-
though two-tailed t-tests indicated that choice
accuracy for only Pigeon UN7 was signifi-
cantly different from chance, t(2) 5 5.23, p
, .05, the average first-session accuracy in the
consistent test condition was significantly
greater than it was in the inconsistent test
condition, F(1, 5) 5 13.06, p , .05. This re-
sult indicates that for all pigeons, the sample-
response pattern that met the scheduled re-
quirement to white tended to cue the same
comparison choice that had previously been
reinforced following a similar sample-re-
sponse pattern during Phase 1 symbolic
matching.

All three pigeons in the consistent condi-
tion were matching at criterion levels (90%
correct or better) by the third test session,
whereas the pigeons in the inconsistent con-
dition did not reach that level of accuracy un-
til the sixth or seventh test session. Hit rates
for sample responding again remained at
chance. Switch rates for all pigeons fluctuated

across sessions, but larger and more sustained
drops in these rates were evident for the
three inconsistent pigeons during the first 6
test sessions.

DISCUSSION

The results of this experiment complement
those of Experiment 1. First, we replicated
the finding that pigeons learn to switch to an
alternative pattern of key pecking after their
initial pattern is nonreinforced. Second, we
showed that the different response patterns
themselves would cue comparison choices al-
ready conditioned to different sample stimuli
to which DRL and FR responding were ex-
plicitly conditioned. In other words, the re-
sponse requirement on a given trial substitut-
ed for the visually distinctive sample
associated with the requirement. This trans-
fer of control indicates that differential re-
sponding conditioned under mixed-schedule
contingencies has cue properties like those
observed in other differential sample-re-
sponse situations (Urcuioli & Honig, 1980;
Urcuioli & DeMarse, 1994).

One salient feature of the first-session test
results, however, is that transfer was notice-
ably weaker overall than that observed in oth-
er differential sample-response studies (e.g.,
Urcuioli & Honig, 1980, Experiment 3). Still,
this difference may be more apparent than
real because the two pigeons showing the
strongest effects (UN7 and UN10) received
refresher training on the baseline matching
task prior to testing. For three of the remain-
ing four pigeons, performance might have
been more accurate had such training not
been omitted from their experimental pro-
tocols. If so, their results underestimate the
actual control exerted by their differential
sample responses over subsequent choices.

One other aspect of the transfer results was
the greater disruption in switch rates of the
pigeons in the inconsistent condition during
the initial test sessions. This disruption might
explain, at least in part, why these pigeons
were slower to reach criterion levels of match-
ing performance in testing than the consis-
tent pigeons. But such an assertion must pre-
suppose that the very behavior that was
disrupted was a source of conditional stimu-
lus control. Generating such control in the
absence of different, exteroceptive stimuli
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Fig. 6. Choice accuracy and hit and switch rates for each pigeon during the transfer-test sessions in Experiment
2. Data for the pigeons tested with sample behavior-choice contingencies consistent with Phase 1 symbolic matching
contingencies are shown on the left; data for pigeons tested with inconsistent contingencies are shown on the right.

was one of the expressed purposes of this
study.

GENERAL DISCUSSION

The present experiments successfully de-
veloped a procedure in which differential re-
sponding occurred to the same exterocep-
tive stimulus and served as a cue for choice
in symbolic matching. When trained on a
mixed schedule in which pecking white on
a FR schedule was required on some trials

and pecking white on a DRL schedule was
required on other trials, nine of ten pigeons
learned to switch to the alternative response
pattern if they initially completed the unre-
inforced requirement. This switching was no
doubt conditioned because the incorrect
pattern not only was nonreinforced but also
caused the trial to be repeated. Thus, repe-
tition of the unscheduled requirement may
have been punished by extending the time
to reinforcement. All nine of these pigeons
also learned to match the different response
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patterns to different visual comparison stim-
uli.

These results support previous research in-
dicating pigeons’ sensitivity to their own dif-
ferential behavior (Lattal, 1975; Reynolds,
1966; Shimp, 1982; Urcuioli, 1985; Urcuioli
& Honig, 1980; Zentall, Clement, Bhatt, & Al-
len, 2001). For example, Lattal (1975)
trained two pigeons on a matching procedure
similar to that used here. Each trial began
with a yellow center-key stimulus. On some
trials, completing a DRL 10-s schedule pro-
duced the comparison stimuli. On other tri-
als, a differential-reinforcement-of-other be-
haviors schedule was in effect for 10 s (DRO
10). Lattal found that pigeons learned to
choose one comparison after completing the
DRL schedule and the other comparison af-
ter completing the DRO schedule. The cur-
rent procedure differed from Lattal’s in that
our white sample stimulus repeated until the
pigeon completed the scheduled require-
ment. Our results, then, extend these earlier
findings by showing that pigeons match cor-
rectly in situations in which they may have to
switch from one response pattern to another
in order to produce the comparisons.

This unsignaled differential response pro-
cedure holds promise for tests of the sort pro-
posed by Sidman (1994, 2000) for determin-
ing if defined responses are also included in
equivalence classes. As mentioned previously,
this question is difficult to answer because dif-
ferent responses are usually occasioned by
different conditional or discriminative stim-
uli. Consequently, one cannot distinguish
which events are responsible for any equiva-
lence-like performances: the different re-
sponses or the different stimuli. The present
study offers one way to avoid this problem.

Specifically, training can be conducted in
the manner depicted in Figure 1 with the ad-
dition of unsignaled response training. For
instance, such training using the R1 and R2
responses could be conducted prior to the
two symbolic matching tasks requiring those
same responses. Then, in testing, R1 and R2
could be generated as samples using the
mixed schedule plus correction procedure.
This should test whether the R1 and R2 re-
sponses are class members while not compro-
mising any other equivalence test (i.e., reflex-
ivity, symmetry, and transitivity).

Conducting unsignaled response training

in this manner, however, may make an initial
unreinforced response pattern the discrimi-
native stimulus for a subsequently successful
pattern. If so, one might expect both patterns
to enter the same equivalence class, thus cre-
ating the very situation the procedure was de-
signed to avoid. In other words, why
shouldn’t the alternative pattern be regarded
as a distinct discriminative stimulus in the
same way as any visual stimulus? Although
this is possible, we believe that the data from
our transfer test in Experiment 2 allay such
concerns. If both the DRL and FR response
patterns had entered into a common ac-
quired equivalence class, transfer should not
have been observed because each pattern
would cue conflicting choice responses. Fig-
ure 6 shows, however, that considerable trans-
fer occurred.

Moreover, if both response patterns joined
a common class, it is unlikely that the pigeons
would have learned the mixed-schedule
matching task (Figures 3 and 6). The reason
is that only the cue properties of the sched-
uled response (that which produced the com-
parisons) signaled the correct choice. By con-
trast, the alternative pattern signaled choice
of the incorrect comparison. Thus, if the al-
ternative pattern (plus nonreinforcement)
had exerted conditional stimulus control, it
would have been difficult for pigeons to
match accurately. Given that all nine pigeons
learned the matching-to-sample task to a high
degree of accuracy, the DRL and FR response
patterns did not enter into a common ac-
quired equivalence class.

It is questionable, however, whether this
training and testing procedure would re-
turn evidence of stimulus equivalence with
pigeons or other nonhuman animals
(D’Amato, Salmon, Loukas, & Tomie, 1985;
Dugdale & Lowe, 2000; Hayes, 1989; Lionel-
lo-DeNolf & Urcuioli, 2002; Sidman, Rauzin,
Lazar, Cunningham, Tailby, & Carrigan, 1982;
but see Schusterman & Kastak, 1993 and Kas-
tak & Schusterman, 1994 for exceptions). By
contrast, the results from tests with humans
are more likely to be interpretable no matter
which way they turn out, and few procedural
modifications would be required to accom-
modate them. For example, subjects could be
trained to make two different responses on a
keyboard when a white stimulus is presented
on a computer screen (e.g., press one of two



34 LIONELLO-DENOLF and URCUIOLI

keys located at opposite ends of the key-
board).

Although pigeons are unlikely to show pos-
itive results using a procedure like that shown
in Figure 1, they might, nonetheless, show ev-
idence that their different responses can be-
come members of functional or acquired
equivalence classes (Urcuioli, 1996; cf. Gol-
diamond, 1962). For example, after pigeons
are trained on many-to-one matching-to-sam-
ple, when a subset of the samples that had
originally occasioned the same comparison
choice is later established as cue for new
choices, the remaining samples also control
those new choices despite no training for do-
ing so (Grant & Spetch, 1994; Urcuioli,
DeMarse, & Zentall, 1994; Urcuioli, Zentall,
& DeMarse, 1995; Urcuioli, Zentall, Jackson-
Smith, & Steirn, 1989; Wasserman, DeVolder,
& Coppage, 1992). This effect is revealed by
transfer-of-control tests similar to that used in
Experiment 2.

A relatively small modification of the stan-
dard many-to-one matching paradigm should
permit the evaluation of whether different
sample responses can join such acquired
equivalence classes. For example, one set of
samples for many-to-one training could be
different hues and the other set could be
DRL and FR responding on mixed-schedule
trials. Choices of one comparison would then
be reinforced if the sample were one partic-
ular hue or the DRL response pattern, and
the alternative choice would be reinforced if
the sample were the other hue or the FR pat-
tern. Once this task is acquired to high levels
of accuracy with both sets of samples, new
comparison choices could then be condi-
tioned only to the two hue samples. Finally,
the ability of those newly learned choices to
transfer immediately to the response-pattern
samples would be tested. If different response
patterns can join acquired equivalence clas-
ses, then pigeons should preferentially
choose the comparison alternative that had
been reinforced following the hue sample
with which the response pattern had shared
a common comparison association during
many-to-one training.

Thus, the unsignaled response procedure
described here has the potential to be useful
in both human and nonhuman equivalence
research. With human subjects, it offers a po-
tential way to falsify the claims made by Sid-

man (1994, 2000) that responses can become
members of equivalence classes. With other
animals, it may allow assessing a similar type
of membership in functional equivalence
classes. We suspect that however the results
turn out, results with humans will correspond
in some way to those obtained with other an-
imals.
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